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Amosite mesothelioma in a cohort of asbestos workers

by Joseph Ribak, MO, MPH , Herbert Seidman, MBA, Irving J Selikoff, MOl

RIBAK J , SEIDMAN H , SELIKOFF IJ . Amosite mesothel iom a in a cohort of asbestos workers. Scand
J Work En viron Health 15;1989:106-10. A cohort of 820 as bestos wo rkers with a short duration of ex­
posure to amosite bet ween 1941 and 1945 was followed . Th ese men were alive five yea rs after sta rting
wor k and were ob served unt il 1988. Seventeen cases o f malignant mesothelioma (eight pleural , nine
per itoneal) were found . Th e mean age at the on set of exposure was 33 years for men with pleural meso thelio­
ma and 30 yea rs for th ose with per itoneal mesothelioma . C hest pain was the main symptom in pleural
mesothelioma and abdominal pa in in peritoneal mesothel iom a . Open lung biopsy was the most useful
diagnostic approach for pleural mesothelioma, whereas fo r peri toneal mesothelioma it was exploratory
laparotomy. Pleural patients died of pulmonary insufficiency, and peritoneal patients of wasting and
inanition. In both groups the death certificate diagnosis was less accurate than the clinical diagnosis at
death. The mean survival was 12.5 months from first symptom to death for the pleural group and
5.4 months for the peri toneal group .

Key terms: age at on set, death certificate, diagnosis, dia gno stic pr ocedures, peritoneal, pleural, sur vival,
symptoms.

Table 1. Rates of pleural and per ito neal mesothe lioma among
amosite asbestos factory workers (12).

Present study
We have had the opportunity of studying the occur­
rence of mesothelioma in workers employed in this
plant and, in the present report, describe 17 cases of
malignant mesothelioma that have occurred amon g 820
men employed for some period between 1941 and 1945
and followed to 1988.

peritoneal) were described in an early report (7). Mor­
tality studies of this group were later extended, and
dose-response relationships 5 to 40 years after the onset
of exposure were described in detail. At tack rates per
million years were also reported for mesothelioma (ta­
ble I) (12).

Only very small amounts of amo site asbestos were
imported into the United States before 1940 (tabl e 2).
At that time , with the needs of the United Sta tes (US)
Navy, an asbestos products factor y was established in
Paterson , New Jersey; it started production in June
1941 and made insulation materials, pr imarily for the
Navy.

The question of possible differences in the neoplastic
potential of the different kinds of asbestos fibers has
attracted much attention. Malignant mesothelioma has
been of particular interest in this regard since its oc­
currence can be well ascribed to asbestos, with little
chance of its attribution to other causes. However ,
wheth er one or another fiber is more likely to induce
mesothelioma has been a question not easily answered.

Mesothelioma can be produced in experimental
animals by inhalation or intrapleural inoculation (I,
2). Mesoth elioma of the pleura and peritoneum can
be caused by all types of asbestos fibers (3-8), includ­
ing crocidolite, chrysotile, amosite, anthophyllite, and
tremolite.

With regard to human mesothelioma, it has been
dif ficult to obtain information about exposure to sin­
gle fiber types, since most industrial exposures have
been "mixed" and generally poorly quantified. How­
ever, mining experience has given data about crocido­
lite (8) and chrysotile (9) mine dust . On the other hand,
information regarding mesothelioma in workers ex­
posed predominantly to amosite has been fragmentary
(10-12).

Contribution to the knowledge about the carcinoge­
nicity of amosite asbestos in worker s has largely come
from studies by Selikoff and his co-workers (7, 11, 12).
Amosite asbestos workers employed between 1941 and
1945 were followed. Forty-thr ee cases of lung cancer
and five cases of mesothelioma (two pleural and three
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Elap sed
years from
onset of
expo sure

5-9
10-14
15-1 9
20-24
25-29
30-34
35-39

Person-years
of observati on

2 656
2 094
1567
1086

Ple ural
meso th e lioma

(rate per
million years)

372
1574
2539

Per itoneal
mesoth elioma

(rate per
million yea rs)

372
1049
2 539
1 842



Table 2. Estimated asbestos fiber consumption (tons) in the United states.«

Year Crocidolite Amosite Canadian Other Totalchrysotile

1920 No data No data 152000 4000 156000
1925 No data No data 200700 4 100 204800
1930 1907b 198200 8500 208407
1935 501b 154200 20500 175201
1940 8068b 225900 36300 270268
1945 8700 4500 355800 9000 378000
1950 8500 5400 687400 27400 728700
1955 11700 18000 699100 11600 740400
1960 19600 19500 605800 24600 669580
1965 17100 21400 661100 20 100 719700

a Source: United States Department of Commerce.
b Amosite and crocidolite combined; not separately recorded.

Subjects and methods Table3. Ageand information on exposure to asbestos in 17
consecutive cases of mesothelioma.

Results

Age at onset of
exposure (years) 32.8 12.9 29.8 4.1
Duration since onset
of exposure (years) 30.9 3.6 31.1 2.1
Age at death (years) 63.6 14.2 60.9 3.5
Time worked at factory
(months) 25.6 19.9 43.8 15.1

In all, 17 cases of malignant mesothelioma (eight
pleural and nine peritoneal) were identified . Table 3
compares the age at the onset of exposure, the dura­
tion since the onset of exposure, age at death, and time
worked in the factory for the men with pleural and
peritoneal mesothelioma. The numbers are similar, and
no significant difference was found between the two

work, they had no prior or subsequent asbestos em­
ployment. They constitute the cohort being studied (7).

We have traced every death that occurred in the co­
hort. Pertinent information (clinical records, X-ray
films, necropsy reports, histopathological specimens,
death cert ificates) has been sought for every death . All
information gathered was evaluated, and a diagnosis
of mesothelioma was accepted only after a detailed
pathological examination of surgical or postmortem
material (by M Kannerstein, J Churg, Y Suzuki). The
crit eria used for the pathological diag nosis of
mesothelioma have been published earlier (13). As of
August 1988, 740 men of the coh or t were known to
be dead. Seventeen ascertained cases of malignant
mesothelioma, eight pleural an d nine peritoneal, were
identified. We describe the clinical characteristics of
the disease in those cases , as well as the accuracy of
death certificate categorization and survival data .

Peritoneal
mesothelioma

(N=9)

Mean SO

Pleural
mesothelioma

(N =8)

Mean SO

The plant had been awar ded a patent for amosite in­
sulation in 1936. We have ascertained that amosite as­
bestos was used almost exclusively (7). [There were also
very small amounts of chrysotile utilized (7).]

Not only did the Navy specifications call for this
fiber type, but the machinery was designed for such
material (R Gaze, Cape Asbestos Company, London),
the fiber so ld to the company by the Cape Asbestos
Company was amosite (R Gaze), materials retrieved
from the storerooms of the plant after work ceased
was amosite, filters of respirators worn by the em­
ployees were amosite, and amosite was also the fiber
predominantly found in the lung specimens of work­
ers of the plant, together with limited numbers of
chrysotile fibers.

From June 1941, when the factory began operation,
through December 1945, 933 men were recruited to
work in the plant, which continued to operate until
1954. The initial group was almost entirely made up
of white males . Wartime conditions influenced the
composition of the work force. Young employees were
often recruited to th e Armed Forces . Therefore, the
men who worked at the plant tended to be older than
usual.

In contrast to asbestos insulation workers, a large
proportion of this group work ed for a sho rt time on ly,
going to other, better paying employment, to the armed
forces, or , with the older men, to retirement. There­
fore a unique cohort was formed, men often with a
very limited duration of heavy work exposure to amo­
site asbestos, followed by long observation.

Though there were no direct fiber counts in the fac­
tory , it is known that exposure was high . Using data
from several sources, Dr WJ Nicholson has calc ulated
that average exposures may have been 50 fibers /em '
of air (12) .

Of the 933 men recruited to work in the factory, 113
men were om itted from further analysis : 21had prior
asbestos work, 14 left for another asbesto s job, 40 had
died, and 30 were lost to follow-up before five years
from initial employment. Eight hundred and twenty
were known to be alive five years from the onset of
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Table 4. Main symptoms and signs in 17 consecutive cases of mesothelioma among amosite asbestos workers.

Pleural
Symptoms mesothelioma

(N =8)

Chest pain 4
Recent onset of shortness of breath 1
Recent increase of shortness of breath 1
Pleural effusion 1
Chest tightness 1

Symptoms

Abdominal pain
Weight loss
Abdominal distention
Hernia

Peritoneal
mesothelioma

(N =9)

5
2
1
1

Table 5. Accuracy of diagnosis for the eight cases of amosite
pleural mesothelioma.

Initial Clinical Death
clinical diagnosis certificate

diagnosis at death diagnosis
(N) (N) (N)

Pleural mesothelioma 4 5 2

Mesothelioma site
not specified 1 2

Lung cancer 2 3 4

Pneumonia 1

Total 8 8 8

Table 6. Accuracy of the diagnosis for the nine cases of arno­
site peritoneal mesothelioma.

The initial pathological evaluation was reviewed. In
seven cases of pleural mesothelioma open biopsy was
performed. In four of them the correct diagnosis had
been made. In one case diagnosis was equivocal, and
in two there was a persumptive diagnosis of lung
cancer. Needle biopsy alone was done in one case, and
it led to a correct diagnosis of the disease. In the
peritoneal group explorative laparotomy was the most
frequent approach. It was done for six patients, but
yielded a positive diagnosis of mesothelioma for only
two.

The immediate cause of death in the cases of pleural
mesothelioma was pulmonary insufficiency (seven out
of eight), and in the cases of peritoneal mesothelioma
the main cause of death was wasting and inanition
(seven out of nine).

a This case was diagnosed all along as a tumor of the sper­
matic cord.

groups, with the exception that, for the men with
peritoneal mesothelioma, the mean time worked in the
plant was almost twice that of the men with pleural
mesothelioma (43.8 months versus 25.6 months).

The men's smoking history showed that two-thirds
of both groups had smoked. It is known that cigarette
smoking has little or no effect on death rates from
mesothelioma among amosite workers, as contrasted
to lung cancer (14-16).

Clinical information

Table 4 displays the principle symptoms of both the
pleural and peritoneal mesothelioma cases. Chest pain
was the main symptom in the pleural group, and ab­
dominal pain was predominant in the peritoneal group.
During the course of the disease, pleural effusion and
shortness of breath accompanied the chest pain in most
of the pleural patients, while marked weight loss was
noted for the peritoneal patients.

Peritoneal mesothelioma
Carci nomatosis
Other

Total

Initial
clinical

diagnosis
(N)

4
4
1a

9

Clinical
diagnosis
at death

(N)

6
2
1

9

Death
certificate
diagnosis

(N)

5
3
1

9

Accuracy of diagnosis

Table 5 presents the accuracy of diagnosis for the cases
of pleural mesothelioma. Comparison is made between
the accuracy of the three types of diagnoses mentioned
(initial clinical diagnosis, clinical diagnosis at death,
and death certificate diagnosis). The denominator for
the comparison is the total number of pleural
mesothelioma cases (N = 8) established in the review
of all data, including, in each case, a pathological ex­
amination.

Categorization of pleural mesothelioma and
mesothelioma as "not otherwise specified" was, as ex­
pected, the least well-designated in the initial clinical
diagnosis. It improved with clinical diagnosis at death.
The death certificate diagnosis was less accurate than
the clinical diagnosis at death, if we include mesothelio­
ma, site not specified. In the peritoneal mesothelio­
ma group (table 6), only four of the cases had been
correctly categorized in the initial clinical diagnosis,
six were correctly categorized at death, but only five
were listed as malignant mesothelioma on the death
certificate.

A wareness of previous asbestos exposure

The relationship between the awareness of a history
of asbestos exposure and a correct diagnosis of
mesothelioma by the treating physician was similar for
pleural mesothelioma (exposure known in six out of
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the eight cases) and for peritoneal mesothelioma (ex­
po sure known in six out of the nin e cas es).

Table 7. Survival of the 17 patients with amosite mesothelio­
ma from first symptom to death and fromdiagnosis to death .
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Survival from
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death (months)
Survival from
diagnosis to
death (months)

Pleural
mesothelioma

(N = 8)

Mean SO
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8.0 8.1

Peritoneal
mesothelioma

(N =9)

Mean SO

5.4 4.2

1.8 3.1
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